and M ′′ depicts the formation of a semicircle arc indicating the presence of broad relaxation processes.
Introduction
In recent years, nanotechnology is a particularly different field, ranging from novel expansions of usual device physics to exactly new approaches to developing new materials have dimensions on the scale of nanometer [1] . Metal nanoparticles have fantastic electronic, optical, and magnetic properties of nanostructures, especially, nanowires and nanorods have been used in the fabrication of new nanodevices and nanocomposites [2, 3] . In the last ten years, a great evolution has been carried out on the synthesis and fabrication of one dimensional nanomaterial. Metal nanoparticles integrated polymers attracted great observance because of the widened application goal offered by these hybrid materials [4] [5] [6] . Silver nanoparticles have received significant attention due to their interesting physical and chemical properties [7] . It is found in several applications, such as non-linear optics, electronics, catalysis, biomaterial and antimicrobial applications [8] .
Polymers have drawn enormous interest in device manufacturing due to their amazing intrinsic properties such as easy processability, flexibility and high mechanical strength. Polymers are also described by stability after physical and chemical doping [9, 10] .
Many studies have been discussed in literature showed efforts for preparation of the nanoparticles doped polymers, with the possibility of wide in their optical and morphological structure of their application with high performance optoelectronic, electrical, and optical devices, biomedical science, sensors [11, 12] . Particularly, polymer/metal nanocomposites such as polymer/Silver nanoparticles composites is promising effective materials in different fields [13, 14] .
The using of PVA as a good host polymer for silver nanoparticles is favorable because of its excellent thermo-stability, water solubility and chemical resistance [15] . On other words, PVA has gained attention because of its non-toxic, non-carcinogenic, biodegradable, biocompatible qualities, its reduction ability of the secondary alcohol groups and wonderful film-forming properties and optical transparency [16, 17] .
A number of experimental works with pulsed Nd:YAG laser irradiation has a broad applications concern metal/polymer nanostructures due to its nonlinear response characteristics. The modification in physical properties of metal/polymer nanocomposites can be investigated by irradiated Nd:YAG laser [18] . These modifications are attributing to the amelioration dispersion of nanoparticles in the metal/polymer nanocomposites matrix that resulting from the formation of cross-linking chains.
In this paper, we aim to investigate the laser irradiation time role in modifying the structural, optical, and electrical properties of PVA/Ag nanocomposite. The samples of polyvinyl alcohol/silver (PVA/Ag) nanocomposite films were prepared by adding Ag nanoparticles with 5 wt% to PVA solution. The films of 0.1 mm thickness were prepared by the casting method. The obtained PVA/Ag nanocomposite films have been irradiated to different times of pulsed nanosecond laser. The effect of time of nanosecond laser irradiation on the physical characterizations of PVA/Ag nanocomposites has been investigated using XRD, UV-visible, FTIR and Ac Conductivity. The response transmittance, reflection, optical bandgap, dielectric constant, optical conductivity, dispersion refractive index, and dielectric relaxation time behavior of PVA/Ag nanocomposites films with varying laser irradiation time are also investigated.
2.
Materials and method
Materials
PVA/Ag nanocomposite films were prepared by using; PVA (Mw ≈ 130,000) and Silver nitrate (AgNO 3 ). All the chemicals were purchased from Sigma Aldrich used without further purification. Double distilled water (DDW) was used as a solvent.
Synthesis pure PVA and PVA/Ag nanocomposite films
Pure PVA and PVA/Ag nanocomposites were synthesized by chemical reduction method. PVA solution was prepared by dissolving PVA powder 5 wt% of PVA powder (5 g in 100 ml DDW) with continuous stirring at 65 • C for 4 h. Pure PVA solution cooled down to room temperature. Freshly prepared cold AgNO 3 aqueous solution with concentration (0.03 wt%) was added dropwise to PVA solution in a darkroom with continuous stirring for 2 h. The color of the solution was changed from colorless to light yellowish; AgNPs were obtained by the following heating the solution. The final solution of PVA/AgNO 3 was poured into Petri then kept drying to get films via casting at the room temperature in a dark room for 4 days.
2.3.
Laser irradiation process to PVA/Ag nanocomposite films
The prepared sample with 0.1 mm thickness was irradiated via fundamental wavelength ( = 1064 nm) nanosecond (Nd:YAG) laser (Continuum laser, Elctro-optics, Inc. Model: PRII 8000 with 3.8 W power, 10 Hz repetition rate, and 8 ns pulse duration. The prepared samples were irradiated to a different time; 5, 10, and 15 min. The laser beam was incident to the surface of the PVA/Ag nanocomposite films using quartz concave lens with 100 mm focal length. The incident laser spot diameter has been measured as 4.5 mm. The target film was far 20 cm from the laser source, approximately.
Characterization
The X-ray diffraction patterns were obtained via PANalytical X'Pert Pro XRD system occupied with Cu-K␣ radiation ( = 0.154 nm), and work at 45 kV, the scans were collected over a 2 range from 5 
3.
Results and discussion
X-ray diffraction
To study the effect of different time's laser irradiation on the structure and degree of ordering of PVA/Ag nanocomposites, XRD measurements were carried out on the thick films over the 2 angular range 10-60 • , at room temperature. [19] , that might be related to the strong intramolecular and intermolecular hydrogen bonding between PVA molecular chains. The intensity of the beak at 2 theta = 20 deceased in PVA/Ag nanocomposites because of the complexation of AgNPs in PVA before irradiation. It was obtained that XRD pattern of the samples at different time of laser radiation is characterized by halos extending in the 2 theta range from 17 to 22, with maximum intensity at 20 [20] .
The integral intensity of diffracted X-ray photons from films has been increased noticeably after the doping process indicates that there was an increase in the character ordering in PVA/Ag nanocomposites irradiated to different time's laser, which can be assigned to degradation resulted by laser [21] .
FTIR analysis
FTIR is an important technique used for investigation structure changes in PVA/Ag nanocomposite due to laser [22, 23] . Pure PVA curve showed a broad and strong absorption band between 3400 cm -1 and 3200 cm −1 that attributed to vibration stretching in the O-H group that approved the existence of hydroxyl group. The band that obtained at 2922 cm -1 was due to the anti-symmetric CH 2 stretching vibration. The absorption bands at 1741 cm -1 and 1570 cm -1 were a result stretching vibration in C O. The band at 1460 cm -1 is attributed to vibrations bending in C-H and O-H. The absorption bands at 1400 and 1300 cm -1 were related to wagging vibrations in C-H and CH 2 , respectively. The presence of band at 1140 cm -1 was attributed to stretching vibrations in C-O-C and C-O while the band that obtained at 910 cm -1 and 838 cm -1 were attributed to stretching vibration in C-C and out of plane bending in O-H, respectively [24] . The broadening and the little decreasing in the intensity that obtained in the absorption bands range from 3400 cm -1 to 3200 cm -1 , 2974 cm -1 , 1741 cm -1 , 1468 cm -1 and vanishing of bands at 1560 cm -1 , 1631 cm -1 , and 1384 cm -1 obviously propose the interaction that occurred between AgNPs and PVA in the PVA/Ag nanocomposite.
At different laser irradiation times, it was observed that the intensity bands at 3400 cm -1 , 3200 cm -1 , 1741 cm -1 , 1460 cm -1 , 1300 cm -1 , 1147 cm -1 , and 910 cm -1 was decreased and shifted as times of laser irradiation increasing. Decreasing the intensity of peaks in FTIR spectrum confirms that after doping, numbers of PVA chains are increased in the structure of the films. The previous observations illustrate the structure rearrangement between PVA and AgNPs that caused by further times of laser irradiation.
3.3.
Optical spectroscopy of nanosecond laser. Fig. 3 obviously showed no absorption peak for PVA within the UV range excepting the little absorption peak that appeared at 276 nm, that mainly attributed to transition between the PVA and AgNPs (n→ * ) resulting from the carbonyl group (C O) [25] . The UV-Vis absorption spectra obtain an evident characteristic absorption peak at 427 nm attributed to the SPR effect, supporting the existence of AgNPs in PVA. Fig. 3 showed that the peak at 427 nm was increased as the irradiation time of nanosecond laser increased. This attitude was observed clearly in Fig. 4 , that obtain the relation between the different times of laser irradiation and the peak at 427 nm that due to the laser power was enough to make a full reduction of silver nitrate to AgNPs and increasing in the silver inside the PVA/Ag nanocomposites [26] . Due to the laser irradiation increases the reaction between AgNPs and PVA which clarified obviously in the absorption spectra increasing. The optical absorption coefficients ˛ of the prepared samples as a function of the wavelength can be directly calculated using this equation [27] : where A is the absorbance and d is the thickness of the sample. Fig. 5 reveals the optical absorption coefficient relative to photon energy for pure PVA, PVA/Ag nanocomposites, PVA/Ag nanocomposites films irradiated to nanosecond laser at different times. It was obtained that the increases of laser irradiation time make a clear shift toward smaller photon energies in absorption edge. Also, it was obtained that ˛ increased with increasing photon energy h and laser irradiation time. The values of absorption edge are recorded in Table 1 ; it can see that the absorption edge is 4.81 eV for pure PVA and 4.12 eV for PVA/Ag nanocomposites. The absorption edge has drastically decreased one by one by increasing the laser irradiation times from 5 min to 15 min until reached the value of 3.72 eV.
The optical band gap E g for the unirradiated and irradiated films to different times of laser can be calculated by using the Tauc's relation [28] :
whereh is the photon energy, A is the band tailing parameter and m = 1/2 for direct energy gap, and m = 2 for indirect energy gap.
The direct and indirect energy band gap for pure PVA, PVA/Ag nanocomposites and PVA/Ag nanocomposites irradiated to nanosecond laser at different times, (˛h) 1/2 and (˛h) 2 were obtained as a function of h in Figs. 6 and 7, respectively. According to the intercept of the best fit of lines in x-axis, the values of direct and indirect energy band gaps had been calculated from these figures and recorded in Table 1 .From Figs. 6 and 7 and Table 1 , it was observed that the values of direct and indirect energy band gap for pure PVA were 4.42 eV and 3.96 eV, respectively, and for unirradiated PVA/Ag nanocomposites the values were 4.31 eV and 3.33 eV, respectively. This value of PVA/Ag nanocomposites can be assigned to the chemical bond that formed between PVA and AgNPs that lead to the generation of localized states between High Occupied Molecular Orbital (HOMO) and Lower Unoccupied Molecular Orbital (LUMO) energy bands making the lower energy transitions feasible [29] . Observable decreasing in the The variation transmittance (T) for pure PVA, PVA/Ag nanocomposites, and PVA/Ag nanocomposites films irradiated to nanosecond laser at different times as a function of wavelength as shown in Fig. 8 . The transmission of PVA was approximately in the visible region from 400 to 800 nm with a teeny reduction at lower wavelengths in the range of 215 to 255 nm is due to the existence of the PVA polymer bandgap confirming almost its transparent nature [30] .
For unirradiated PVA/Ag nanocomposites, the transmission reduces significantly and a hollow at 445 nm has been created, this new valley is assigned to the formation of charge transfer complexes [31] . The presence of this valley in the visible region is attributed to SPR nature of the AgNPs embedded in PVA. The visible screening of the pure PVA and PVA/Ag nanocomposites films indicates the observable color changes in the films. Further, it is clear from the figure that after laser irradiation, the transmission decreased drastically at 215 nm, 325 nm, and 445 nm by increasing the time of laser irradiation from 5 in to 15 min, resulting, the light yellowish color of PVA/Ag nanocomposites films was changed to pale yellow and then brown yellowish after laser irradiation with increasing time. It was clearly indicating that at 15 min time, the transmission is as very good as vanish to zero in UV region, offering these PVA/Ag nanocomposites films after irradiation can utilizing for shielding purposes from UV photons.
The refractive index n was calculated in terms of indirect energy band gap according to Dimitrov and Sakka relation [32] :
The values of n that are tabulated in Table 1 show increasing trend byan increasing in the time of laser irradiation. The increasing in the laser irradiation time from 5 min to 15 min led to increase the scattering of the incident light and as well the speed of light passing through is decreased according to the relation (n = c/v) where, c is the velocity of light in free space and v is the velocity of light in the material, thereby the refractive index was increased.
The observed increase in refractive index (n) and also, the decreasing in the optical energy band gap of PVA/Ag nanocomposites films before and after irradiated to laser with different times in comparison with pure PVA proposing it's a possibility to using an optical device application.
3.4.
AC electrical conductivity
The dielectric analysis
Fig . 9 displays the plot of the dielectric constant (ε ′ ) as a function of frequency Log (f). Fig. 10 shows the plot between the dielectric loss (ε ′ ) and the frequency Log (f) for pure PVA and PVA/Ag nanocomposites irradiated to nanosecond laser at different times. The plots of both ε ′ and ε ′′ (as shown in the two figures) are gradually decrease with the increase of the frequency and it reaches to constant values at higher frequency. This behavior is due to high contribution of charge accumulation at the samples. Generally, the values of ε ′ and ε ′′ are high at low frequency and decreasing with the increase of frequencies ascribed to polarization effects [33, 34] . Moreover, there are three regions shown in the behavior of ε ′ and ε ′′ over the range of frequency range [35] . At low frequencies, the values of ε ′ and ε ′′ are decreases due to the contribution of interfacial polarization effect in dielectric permittivity. At intermediate frequency, the dielectric dispersion is attributed to the dipolar polarization of polymers chain segments. The non-linearity behavior of ε ′ and ε ′′ is decreased with the increase of frequency. 
Complex modulus
The mathematical equation complex modulus (M*) can be evaluated as [36] :
The real modulus (M ′ ) and imaginary modulus (M ′′ ) of according to the relaxation of the electric field are given an indication of electrical properties. Using the complex modulus data, the values of M ′ and M ′′ were calculated as [37] : frequency an AgNPs cause an increase of the ionic conduction of the samples. Fig. 12 shows the graph between the imaginary part (M ′′ ) and Log (f) at room temperature. The broad peak of M ′′ is observed and it increases with the increase of frequency indicating an indication to the nature of the relaxation processes exist. The presence of peack in electrical modulus confirm that samples are ionic conductors. The increase of M ′′ peack with increase of AgNPs and shifted toward the higher frequencies are clear. Also, the maximum value of the M ′′ peak increases for the doped samples compared to the pure blend suggesting that the AgNPs contributes to the relaxation process.
Modulus study
The study of the electrical modulus is utilized for better understanding of the dielectric relations of the prepared samples and can be used to explore the relaxation of conductivity by suppressing the polarization effect at low frequency. Thus, the dielectric information is changed into the modulus information and can be identified with the permittivity from Eqs. (5) and (6) . part (M ′′ ) for the samples. The plot for all spectra shows the formation of a semicircle arc indicating the presence of broad relaxation processes [38] . The existence of a single semicircle is the significance of single relaxation inside the nanocomposites. The little of radius semi-circle is related with the highest capacitance.
Conclusion
The nanocomposite films of PVA/Ag were synthesized via chemical reduction technique. PVA/AgNPs films were irradiated to different times (5, 10, 15 min) pulsed Nd:YAG nanosecond laser. According to the discussion, it was observed that influences of the different laser irradiation times on the films make a sufficient change in the structural, optical, and electrical properties of PVA/Ag nanocomposites. The integral intensity of diffracted X-ray photons from films has been increased noticeably after the doping process indicate the increase in the ordering character of the PVA/Ag nanocomposites irradiated to different time's laser, which can be assigned to the reduction that has been induced by laser. Observations of IR spectra indicated that laser enhances the structural modifications between the silver nanoparticles and the chains in PVA with further increasing laser irradiation time. The observed increase in refractive index (n) and, the decreasing in the optical energy band gap of PVA/Ag nanocomposites films after irradiated to the laser with different times comparing with pure PVA suggesting its possibility to using optical device applications. The plots of both ε ′ and ε ′′ are gradually decrease with the increase of the frequency and it reaches to constant values at higher frequency. At low frequencies, the values of ε ′ and ε ′′ are decreases due to the contribution of interfacial polarization effect in dielectric permittivity. The increase of M ′′ peak with increase of AgNPs and shifted toward the higher frequencies are clear. The plot M ′ versus imaginary part M ′′ shows the formation of semicircle arc indicating the presence of broad relaxation processes.
